Background: Adolescents with malignancy represent a unique population in oncology, receiving care in pediatric or adult oncology institutions. Previously, adolescents and young adults (AYAs) had good survival rates; yet in the last few decades, AYAs have shown inferior survival rates compared with children due to the increasingly reported AYA-specific malignancies with poor survival rates. This study evaluates the clinicoepidemiological aspects of adolescent cancer diagnosed in a Pediatric Oncology Unit over a 10-year period, the associated risk factors, and the survival rate.
T he adolescents and young adults' population (AYA) has been variably defined internationally but is most commonly identified as individuals aged 15 to 30 years of age. 1 In contrast, The Food and Drug Administration and the World Health Organization consider adolescents to be individuals aged 10 to19 years. 2 Despite unique tumor epidemiology, a higher cancer incidence, and a modest survival improvement compared with pediatric patients, AYA aged 15 to 30 years have not been considered as a separate, "special" group of patients in the frame of medical oncology. 3 The incidence of cancer among adolescents in Surveillance, Epidemiology, and End Results (SEER) areas from 1975 to 2000 was 203 per million (2% of all invasive cancer). There were 2.7 times more patients diagnosed with cancer during the second 15 years of life than during the first 15 years. The risk of developing cancer among AYA was explained by age-dependent mechanisms, as telomerase shortening or mutation-to-malignancy rate that increases constantly with age. 1 The age distribution of cancer in the Middle East populations varies widely. The percentage of cancer patients under the age of 20 years was reported to be higher in Jordanians (52%), Egyptians (48%), and Israeli Arabs (50%) than in Cypriots (31%), Israeli Jews (35%), and the US SEER population (29%). 4 The spectrum of cancers reported worldwide among AYA is distinctive, with higher risks for lymphomas, bone tumors, and soft-tissue sarcomas. Nevertheless, the rates of specific cancer types differed substantially by sex and by race and these differences were most remarkable for thyroid cancer that was much more common in females. 5 There has been a lack of survival improvement among older AYAs, particularly in males. However, the 5-year survival rates are high in certain types of cancer reaching Z90% in Hodgkin disease and germ cell tumors, possibly because of recruitment in clinical trials or centralized treatment for certain cancers in this age group. 6 This work is designed to evaluate the epidemiology and risk factors of adolescent cancer among patients aged 10 to 19 years, and to study the trend in survival among this age group.
METHODS
This retrospective study has been conducted in the Pediatric Oncology Unit, Children's Hospital, Ain Shams University in Cairo, Egypt. It included cancer patients with age at diagnosis ranging from 10 to 19 years, who were diagnosed and treated in the unit during the period from January 1, 2000 to January 1, 2010.
The data were collected by reviewing the patients' files and follow-up sheets, as well as by personnel communication with the patients and/or their caregivers, and patient clinical examination, when feasible. Special emphasis was laid on: sex, age at diagnosis, pathologic diagnosis, clinical presentation, risk criteria, protocol given, and complications during or after treatment, and causes of death during the defined period of the study. Evaluation of treatment response (remission and relapse rate) was done according to the assigned protocol of therapy.
Patients were classified into patients with hematological malignancies and patients with solid tumors.
Patients with hematological malignancies included: (1) patients with acute leukemia (having Z25% blasts in bone marrow examination) who were further subdivided into acute lymphoblastic leukemia (ALL) and acute myeloid leukemia (AML) based on flow cytometry; (2)patients with chronic myeloid leukemia (CML) were diagnosed clinically and by bone marrow examination; (3) patients with lymphoma were diagnosed by lymph nodes and/or mass biopsy, and further subdivided into non-Hodgkin (NHL) and Hodgkin lymphoma (HL) based on immunohistochemistry; and (4) patients with Langerhans cell histiocytosis (LCH) were diagnosed by characteristic bone lesions, pathology, and immunohistochemistry.
Patients with solid tumors included: neuroblastoma, osteosarcoma, Ewing sarcoma and peripheral neuroectodermal tumor (PNET), germ cell tumors, and adenocarcinoma. They were diagnosed by the pathology of the tumor mass and immunohistochemistry, supported by specific serum or tissue tumor markers.
Event-free survival (EFS) and overall survival (OS) were calculated from the date of diagnosis to date of events. For EFS, events were identified as resistance, relapse, death, or whichever occurred first. For OS, event was identified as death from any cause. For OS analysis, living patients or patients lost to follow-up were censored on last known alive date. For EFS patients who neither relapsed, showed resistance, nor died were censored at last assessment before the lost follow-up.
The protocol of the study was approved by the local ethical committee of the Pediatric Department, Faculty of Medicine, Ain Shams University and an informed consent was taken from patients and/or their parents.
Statistical Methodology
Statistical analysis was performed using Statistical Package for Social Sciences, Version 14.0 (SPSS Inc., Chicago, IL) for Windows. Description of quantitative variables was done as mean, SD, median, and range, and qualitative variables were described as number and percentage. Kaplan and Meier procedure was used to estimate the OS rates and disease-free rates, and comparisons between the different prognostic factors were made using the log-rank test. 
RESULTS
A total of 158 patients were diagnosed over the studied 10 years, which represent 20% of the total number of cancer patients diagnosed in the pediatric oncology unit during the same period. The male to female ratio was 1.13:1, and their age ranged between 10 and 17 years (mean, 12.2 ± 1.8 y). Almost 80% of the patients were residents of Cairo and the Delta region, whereas only 20% were from Upper Egypt.
Sixteen patients were lost to follow up after initial diagnosis, so were censored at last assessment prior to loss to follow-up. Patients received pediatric protocols for malignancies ( Table 1) .
Types of Cancer
Hematological malignancies were present in 145 patients (91.8%), with leukemia being the most frequent (71.7%), distributed as ALL (61.5%), AML (32.7%), and CML (3.8%). Lymphomas were the next common (24.7%), including HL (13.3%) and NHL (11.4%), whereas 1.4% of patients had LCH. Fifteen patients had solid tumors (8.2%), including neuroblastoma (30.8%), osteosarcoma (23.1%), and germ cell tumor (23.1%), Ewing/PNET (13.3%), and adenocarcinoma (6.7%), as demonstrated in Table 1 .
The Sex Distribution According to the Type of Malignancy
Comparing the sex distribution among the studied patients revealed a higher frequency of neuroblastoma and CML among female patients (80% and 75%, respectively), whereas AML was more common among male patients (70%). In contrast, there was no difference in sex distribution in lymphoma patients.
The Number of Newly Diagnosed Adolescent Cancer Cases in the Last 10 Years According to Their Diagnosis
The incidence of newly diagnosed adolescent cancer cases was heterogenous over the 10-year study period. In most of the years, the incidence of ALL was the highest, and the year 2008 showed the highest rate of solid tumors among adolescent cancer patients. The frequency of AML was higher in the first 5 years (79.4%) compared with the last 5 years (20.6%). In the year 2009, all hematological malignancies were ALL (Fig. 1 ).
EFS and OS
The 5-and 10-year EFS rates for adolescent cancer patients were 39.7% and 37.2%, respectively. Patients aged FIGURE 2. Event-free survival in patients with hematological malignancies and solid tumors.
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e348 | www.jpho-online.com 13years and above and those aged below 13 years had comparable 5-and 10-year EFS (P = 0.63). We found no sex difference with regard to the 5-and 10-year EFS (P = 0.8) ( Table 2 ). There was no significant difference in the 5-and 10-year EFS when comparing patients with hematological malignancies with those with solid tumors (P = 0.99); however, lower 5-and 10-year EFS rates were observed among patients with AML compared with ALL patients (P = 0.007). Patients with lymphoma had significantly higher 5-and 10-year EFS compared with leukemia patients (P < 0.001) (Figs. 2, 3 ). The 5-and 10-year OS rates for the whole group were 45.2% and 40.2%, respectively. Patients aged 13 years and above and those aged below 13 years had comparable 5-and 10-year OS (P = 0.7). However, male patients had relatively higher 5-and 10-year OS than female patients (P = 0.5) ( Table 3 ). There were no statistically significant differences between patients with hematological malignancies and those with solid tumors with regard to the 5-and 10-year OS (P = 0.8) (Fig. 4) . Among patients with hematological malignancies, lymphoma patients had higher 5-and 10-year OS compared with ALL and AML patients (P = 0.004) (Fig. 5) . We found no difference in the 5-and 10-year OS among patients with NHL and HL (P = 0.13), pre-B-cell, and T-cell ALL (P = 0.61).
Residency
We found no significant difference in the 5-and 10-year EFS of patients living in Cairo, Delta region, and Upper Egypt (P = 0.35), Table 4 . In addition, the 5-and 10-year OS rates of adolescent patients coming from Cairo, Delta region, and Upper Egypt were comparable (P = 0.38), (Table 5) .
Causes of Death
Infection was the main cause of death, responsible for 50% of deaths. Thirty percent of deaths occurred due to cancer therapy refractoriness or relapse, 15% were related to severe methotrexate toxicity, and 6% due to liver cell failure. 
Patients Lost to Follow-up
Sixteen patients were lost to follow-up after initial diagnosis, 11 female and 5 male (8 had ALL, 5 NHL, 1 patient had germ cell tumor, 1 LCH, and 1 AML M3). No data were available for these patients as regard the response to therapy, relapse, resistance or death, and thus were censored at last assessment before loss to follow-up.
DISCUSSION
The incidence of cancer in AYA patients aged 15 to 30 years is higher and rising faster than in children. Data from the National Cancer Institute's SEER program and the UK cancer registry indicate that the incidence of cancer in adolescents 15 to 19 years old is 50% higher than in younger persons. However, there is evidence that this incidence has declined, after a peak in the late 1980s and early 1990s. [7] [8] [9] In our center, 158 adolescents aged from 10 to 19 years were diagnosed with cancer over the period of 10 years (20% of total number of diagnosed cancer patients), which is an underestimated incidence because many adolescent patients were diagnosed and treated in the adult Oncology center.
Published data show that the most common tumors reported in adolescents were testicular cancer and Hodgkin disease, followed by central nervous system (CNS) tumors, NHL, thyroid cancer, and ALL. 9,10 A previous study reported that ALL is less common among adolescents than in children (6% compared with 30% of all cancers). 10 Whyte and Smith 11 stated that, whereas ALL, NHL, CNS tumors, and bone tumors are as common in adolescence as in childhood, Hodgkin disease and germ cell tumors occur at an incidence of 3 to 6 times higher in adolescents than in children. In our study, leukemia was the most common cancer (40.5%), with ALL being the most common hematological malignancy, next followed by lymphomas. Solid tumors represented only 8.2% of adolescent cancer, surprisingly with neuroblastoma being the most common (30.8%); this may be because we included the age group 10 to 15 years that may be considered in some centers as a pediatric age. The lower incidence of other solid tumors such as germ cell tumor, carcinoma, and CNS tumors is explained by the fact that most of these cases were referred to adult oncology centers.
There was no sex difference in the overall frequency of adolescent tumors, as previously reported. 12 Birch et al 9 described a higher incidence of ALL, NHL, Ewing sarcomas, osteosarcomas and brain tumors, and thyroid carcinoma malignancies among adolescent male patients, whereas melanomas and Hodgkin disease were more common in female patients. In our study, AML was more e350 | www.jpho-online.com common in male patients, whereas ALL, CML, and neuroblastoma were more frequent among female patients.
In the current study, the incidence of malignancies among adolescent patients varied from year to year. In most of the years, the incidence of ALL was the highest, yet the year 2008 showed the highest frequency of solid tumors among adolescents. There were more AML patients diagnosed in the first 5 years (79.4%) compared with the last 5 years (20.6%). This heterogenous frequency over the study period may be related to epidemiologic factors (demographic, perinatal, and environmental exposures).
Recent studies showed improved outcomes for AYAs treated with pediatric protocols compared with those treated with adult protocols. [13] [14] [15] [16] [17] A French study reported a 5-year EFS of 69.0% among adolescent cancer patients, 85% for lymphomas, 55% for malignant bone tumors, and 41% for leukemia. 10 In the current study, the 5-year EFS for the whole group was 39.7%, with 39.9% for hematological malignancies and 36.4% for solid tumors.
The reported 5-year EFS rates for AYA patients with ALL, AML, and HL were lower compared with younger patients (68.0%, 31%, and 43.6%). [18] [19] [20] Similarly, in our study, we report a lower EFS compared with pediatric patients (ALL 28.4%, AML 15.4%, lymphomas 72.2%) versus (73.4% and 87% in pediatric ALL and lymphomas, respectively). 21, 22 In our study, there was no difference in the 5-and 10-year EFS between hematological malignancies and solid tumors; however, significantly lower 5-and 10-year EFS rates were found between AML patients compared with ALL, and a significantly lower EFS rate among patients with leukemia compared with lymphoma patients. This could be explained by the higher rate of deaths from infections, relapses, and refractoriness among leukemia patients, especially AML compared with lymphoma patients.
Smith et al 12 reported an overall 5-year survival for adolescents with cancer of 77%. In contrast, we found a lower 5-and 10-year OS for the whole group being 45.2% and 40.2%, respectively. Probably the difference is partially related to the higher incidence of neuroblastoma among our adolescent patients accounting for the lower OS.
The (SEER) analysis found an annual drop to <0.5% in the survival of 15-to 24-year-old patients compared with children below 15 years. However, we found a comparable 5-and 10-year OS among patients aged 13years and above and those aged below 13 years.
In a published Australian study, adolescent patients with ALL had an improved 5-year survival from 40% in 1982 to 1989 to 74% in 2000 to 2004, but was still lower than children (88%).They reported 5-year OS survival in 2000 to 2004 of 74% for AML, Z95% for HL, and Z81% for NHL. 23 Similarly, Bleyer 1 and Birch et al 9 reported the worse outcomes in adolescent AML, ALL, and sarcomas (bone and soft tissue), with a lower mean 5-year survival rate than that in younger patients lagging behind by 20% to 30%. This comes in agreement with our data, where we report 5-and 10-year OS of 40.2% and 32.1% in ALL, 22.4% in AML, and 76.9% in lymphoma, which is lower than the reported data in pediatrics in our center (in ALL 84.6%). 22 Among patients with hematological malignancies, those with lymphoma had the highest 5-and 10-year OS, whereas patients with AML had a significantly lower OS than those with ALL.
In our study, male patients had relatively higher 5-and 10-year OS compared with female patients. On the contrary, Geraci et al 24 found that the mortality rate for adolescent male patients (72.4%) was significantly higher than for female patients (58.6%) in almost all cancers.
CONCLUSIONS
In our center, the incidence of cancer in young patients aged 10 to 19 years is rising. The frequency of different types of malignancies among newly diagnosed adolescent patients varies from year to year; however, as reported in most of the international centers, the hematological malignancies were the most frequent. We report here a low EFS and the OS of adolescent patients with malignancies probably related to the different biology of the malignancy with adverse karyotypic and molecular markers, less adherence to therapy, and greater toxicity of treatment. Further efforts are needed to provide an optimal treatment 
